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RANGEFROM2.7TO 4,5

By JohnA.Moore

An investigationwasmadeatMachnuuibers
and4.5to determinetheeffectofshortfixed

Of2.7, 3.0, 3.5, 4a02
convergent-divergent

wedgecliffusersonthestartingcharacteristicsofblowdownjets
exhaustingtotheatmosphere.Wedgediffusersthatwereextensionsof
thenozzlecontoursreducedtheoverallpressureratiosrequiredfor
startingto lessthanone-halfthevaluesobtainedwithouta diffuser.
Theminimumovertipressureratiorequiredforstartingat eachMach
numberwasabouttwicethevaluepredictedby one-dhensiona.ltheory.
Central-bodydiffuserswerenotsoeffectiveinreducingtheuverall
pressureratioforstsrtingaswerethewedgeextensionsofthenozzle,
exceptatthehighervaluesofdiffuserminimumarea.Withthewedge
efiensionsofthenozzlecontours,thejetscouldbe startedforeach
testMachnumberatvaluesofdiffuserminimumareathatwereconsider-
ablybelowthevaluespredictedby one-dimensionaltheory.Thejets
couldnotbe startedforvaluesofdiffuserminhumareathatwerebelow
thosepredictedby theorywhencentral-bodydiffuserswereused.

INTRODUCTION

Inorderto simplifytheproblemofmodel
offorcesatanglesofattackathighReynolds
speeds,two-dimensionalnozzlesexhaustingthe

supportformeasurement
numbersandsupersonic
test-sectionflowdirectly

(~thoutdiffusers)totheatmospherecan-beused.Thisarrangementper:
mitsa relativelysimpleexternalmodel-supportsystemwhichcantake
highaeroddc loadsatanglesofattack.

IntheIangleygasdynamicslaboratory,itwasfoundthatsuchjets
(ortunnels)couldbe startedsatisfactorilyupto a Machnwiberofabout
3.0. ForhigherMachnumbers,thestagnationpressuresrequiredfor
startingwereexcessive,ontheorderoffivetimesthevaluepredicted
by one-dimensionaltheoryfornormal-shockstart+g,becauseofthe
separationoftheboundarylayeronthenozzlewall.

. .
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Variousinvestigatorshavereportedtestsonpressurerecoveryduring
thestartingofsupersonictunnelswithlongconvergent-divergentdiffus-
ers. Eggink(ref.1)describestheflowseparationduringstartingin .

someofthetestsfirstreportedby Simons(ref.2)andincludesdataon
pressurerecoveryandminimumdiffuserareasduringstartingoftunnels
intheMachnuniberrangefrom1.6to 2.5. NeumannandLustwerk(ref.3)
reporteddataonpressurerecoveriesduringstartingfortheMachnumber
rangefrom2.1to 3.0. DigginsandLange(ref.4) investigatedstarting
conditionsaswelJ.astheeffectofa variable-geometrydiffuseron
operatingconditionsintheMachnmiberrangefrom1.9to 4.9. Thassme
typeofinvestigateionwasreportedby WegenerandLobb(ref.5) inthe
Machnumberrangefrom5.9to 9.6. ~ theseinvestigatorsreported
pressurerecoveriesduringstartingofthetunnelthatwerecloseto
thosepredictedby one-dimensionaltheoryfornonviscousflow. One
investigator,Fraser(ref.6),reportedtestsonstartingsupersonic
nozzleswithoutdiffusers.Frasertesteda three-dimensionalnozzleat
a Machmmiberof3.35andfoundthata pressureratioacrossthenozzle, “
ofaboutseventimesthatpredictedby one-dimensionaltheorywasneces-
sarytopreventdetachmentoftheflowfromtheendofthenozzle.

Becauseofthelackofdataonveryshortdiffusers,theinvestlga-
tionreportedhereinwasinitiatedto determinetheeffectivenessof
severalshortconvergent-divergentwedgedtifusersinincreasingthe
pressurerecoveryofsupersonicnozzlesduringstarting.Thetestswere
madeatMachnumbersof2.7,3.0,3.5,4.0 and4.5andReynoldsnunhrs,
basedontest-sectionheight,of 7.83x d, 9.13x 106,10.67x106,
13.88X 106,and18.50X ld, respectively.

SYMBOLS

A

M

P

R

T

h

t

m

cross-sectionalazea

Machnuniber

pressure

gasconstantforair(1,715sqft/sec2/OF)

‘temperature,OFabs

test-sectionheight

lengthof convergentsectionofdiffuser

lengthofdivergentsectionofdiffuser

.
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q free-streamdynamicpressure

u localvelocityofair
.

b difi’user-entrancewedgeangle,seefigure2

P diffuser-exitwedgeangle,seefigure2

P density

7 ratioofspecificheats,1.400forair

Subscripts:

o stagnationconditions

01 stagnationconditionsatdiffuserminimum-areasection

1 conditionsattestsection(fig.2);alsoconditionsshead
ofobliqueshock

2 conditionsbehindobliqyeshock

a atmosphericconditions

minimum

Superscripts:

* conditionsatnozzleminimum-areasection

*1 conditionsat diffuserminimum-areasection

Thepresentinvestigationwasconductedinthejetshowninfig-
ure1,whichisoneofthefacilitiesintheLangleygasdynamics
IA%oratory.Thejetisoftheintermittentblowdowntypeandexhausts
to theatmosphere.Dryairpreheatedto 100°F wassuppliedtothe
settlingchsniberatpressuresupto 500lb/sqin.

Thesupersonicnozzlesusedinthetestweredesignedby themethod
ofreference7,andthedesignMachnumberswere2.694,3.012,3.498,
4.012,and4.’515.Limitedcalibrationsofthenozzlesfor M = 3.012
and M=4.012 indicatedtest-sectionllachnrmibersof2.99and3.98,
respectively.Staticpressuresmeasuredalongthesidewallatthe

-. .... .___ __ .__. —- .—.A_. ____ _.
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otherMachrnmibers
Machnunibers.The
9 incheswide,and
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indicatedcloseagreementbetweenactualanddesign
testsectionforeachnozzlewas8 incheshighand
thelengthofthesupersonicportionofeachnozzle

wasabout24inches;thenozzlecontoursendedattheintersectionof
thecontourwiththeMqchtie representingthedesignMachnumber.

Schematicdiagramsofthetestsetupsshowingthegeometryofthe
diffuserstestedareshowninfigure2. Kld.thediffuserstestedwere
two-dimensionalandweresimpleconvergerrt-divergentwedgesaddedeither
asextensionsofthenozzlecontoursoras central-bodydiffusers.These
shortIWxedconvergent-divergentwedgediffuserswillbe referredto
simplyas shortwedgedtifusers.Thecentral-bcxlydiffusersweretested
on&at M=4.O. Threedifferentvaluesoftheratiooflengthofcon-
vergentdiffusertoheightoftestsectionweretested:Z/h=1, Z/h= 2,
and Z/h= 3. Thetotallengthofthediffusersectionwas 3h,and,
therefore,thevaluesoftheratiooflengthofdivergentdiffuserto
test-sectionheightwere:m/h= 2 for Z/h=l, m/h=1 for Z/h=2,
and m/h= O fofiZ/h=3. A longerdivergentdiffuseroflengthgh
wasaddedattheendofthediffusersectionina seriesoftestsat
M = 4.0 OIdy. Inthetestswithouta diffuser,thesidewallsextended
6 inchesbeyondtheendofthenozzle.Thegeometricrelationbetween
Z/h,thediffuser-entranceangle b,andtheratioofthediffusermini-
mumareatothetest-sectionarea A*’/Alisgivenbythefollowing
expression:

1
A*’

-—
8 =tan-l ‘1

+ ..
This relations~ipisplottedforconvenienceinfigure3. Sincethewedge
blocksweremadereversible,theexpression
tionbetweenm/h,thediffuser-exitangle

Theschlierensystemwasa single-pass
mirrorsanda GeneralElectiicB-H6mercury

canalsobeusedfortherela-

/
(3,and A*’Al.

typewith18-inch-dismeter
lampfora source.Forthe

sch~ere”nphotographs,a ffishwitha durationofabout5 to 10micro-
secondswasused.

Staticpressuresweremeasuredwithmercurymanometerswhichwere
accuratetowithin*0.O inch.Stagnationpressuresweremeasuredon’
16-inchdialgagesoftheprecisionBourdontypewhichhadrangesofO
to 200poundspersquareinchforthelowerpressuresandO to 500pounds
persquareinchforthehigherpressures.Totalpressuresweremeasured
on16-inchdialgagesoftheprecisionBourdontypewhichhada rangeof
O to 100poundspersquareinch.Thesegageswereaccuratetowithin
*0.5percentoffull-scaledeflection.
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TESTINGMECHODS
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Static-pressureorificeswerelocatedalongthesidewallonthe
centerlineofthejetintheregionofthetestsectionandinthedif-
fusersection.Inorderto aidindeterminingwhensupersonicflowwas
establishedinthetestsectionanddiffuser,total-pressuremeasure-
mentsweremadeinthetestsectionanddiffusersectionabout1~ inches
fromthesidewalJ. Inthetestsection,thetotal-pressureprobeswere
locatedonthecenterlineofthejet. Inthediffusersection,the
probeswereloc?atedonthecenterlinewhenthewedgeextensionsofthe
nozzlecontourwereinstalled,butweremidwaybetweenthewedgedif-
fuserandthenozzleextensionswhenthecentral-bodydiffuserswere
tested.

Inmakinga particukrtest,thestagnationpressurewasgradually
increaseduntilobservationoftheschlierensystemimageandmeasure-
mentsofthetotalpressuredeterminedwhensupersonicflowwasestab-
lishedinthetestsection.A visualrecordwasmadeofthestagnation
pressureatthatmcment.Whenschlierenphotographsweretaken,the
stagnationpressurewasheldconstantat thegivenvalueforabout
20 seconds.

Schlierenphotographsweretakenoftheflowinboththesupersonic
nozzleandthediffuser.In ordertopermitviewingofthesupersonic
nozzleandthediffuser,thenozzleblockshad
tothesidewallssincetherewasonlyoneset
wall. (Seefig.1.)

RESUITSANDDISCUSSION

to bemovedwithrespect
ofwindowsintheside

Boundary-IayerSeparationonNozzleContour

Schlierenphahgras ofthestartingflowthroughan M = 3.0 noz-
?zlewithouta diffuserfig.4) showthatseparationoftheboundary

layerfromthenozzlecontouroccursandthat,asthestagnationpressure
isincreased,thepointof separationmovesdownstream.In determining
thppressurebehindtheseparationshock,itisinterestingto compare
theresultsoftwoofthemethodsavailableforcalculatingthispres-
sure.A ccnupilationofdataonthepressurecoefficientassociatedwith
theseparationofa turbulentboundarylayeratvariousMachnunibersis
presentedinreference8. Inusingthese-data,thepressurecoefficients
wereconvertedtotheratioofthepressurebehindtheshocktothestag-
nationpressure.Theeqpationofthelinerepresentingstepdatain

. figure8 ofreference8 was

u
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-o.086(Ml

convetiq AP/~ to a pressureratio

- 5.9)

andsimplifyinggives

Pa _ P1
(~1+ o.357M12-P. Cj

o.06mi13)

(1)

(2)

Equation(2)isplottedinfigure5 asthesolidline.

Theresultsofdeterminingthepressurebehindtheseparationshock
bymeasuringtheangleoftheshock,withthelocaldesignMachnuuiber
andflowangleknown,areshowninfigure5 andcomparefavorablywith
thedataofreference8. .

Theeffectivenessofwedgesaddedtotheendofthenozzlecontour
inreducingthepressuredownstreamoftheseparationshockcanbeseen
infigure6. Theseparationofthebound&ylayerhasmoveddownstream
considerablyas comperedwiththeconfigurationwithouta diffuser
(fig.4)atequiv&lentvaluesofstagnationpressure.ThefMwdown-
stresmoftheseparationisdividedintoa supersonichigh-energyregion
anda low-energyregion,witha ~ng zoneinbetween.Thelow-energy
regionshowninfigure4 isessentiallyatatmosphericpressure.Mixing
withthesupersonicregiontendsto lowerthispressure.,butbac~low
fromthetunnele-ust keepsthepressurehigh.The~dges addedto
theendofthetunnelreducethisbackflowconsiderablyandallowthe
pressureinthelow-energyregiontobe loweredbythemixingaction
withthesupersonicjet. Ifthispressureisloweredsufficiently,the
shocksystemwillmoveintothediffuserandthetunnelwillstart.
(Comparefigs.h(b)and6(b)at po/Pa= 4.43 andfigs.4(c)and6(d)

at Po/Pa= 6.47.) ‘.

ResultsofTests

Theresultsofteststo determinetheeffectofvaryingthelength
andminimumsreaoftheshortwedgediffusersforvariousMachnumbers
aregiveninfigure7 whichshows,foreachoftheMachnumberstested,
thevariationoftheoveral.lpressureratiopo/pa requiredfor,stming

withtheratioofdiffuserminimumareatotest-sectionarea A*/‘1“
Asthevalueof A*’/Alisdecreased,thevalueof po/pa required
forstartingisreduceduntil

/furtherreductionin A*’Al
onlyexceptionoccursforthe

a certainminimumvalueisreached.w
thenincreasesthevalueof po/pa.The r
diffuserwith Z/h= 3,m/h= O whichwas

.

. —. —. . —— ..—.. — ______
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testedat M = 4.0 only.Forthisdiffuser,as
wasdecrea~ed,thevalueof po/pa requiredfor

/
thevalueof A*’Al
startingdecreased

*

7

/
until A*lAl reacheda value&lightlysmaUerthantheminimumpre-

dictedby one-dimensionaltheory.At thispointa smalldecreasein.,
A*7Al causeda largeincreasein p &, followedby a gradualdecrease

in Po/Pa as A
*S

Al wasreducedfurther.Theexplanationforthis

shiftinthecurvecouldntibe determinedfromthedataobtainedin
thisinvestigation. ..’

Alsoshowninfigure7 arethedataobtainedfor$errtral-boLvdif-
fusersat M=&~ ● Thevariationof startingp essureratioforthese
diffusersshowsthesamegeneraltrendasfor2 e wedgeextensionsof
thenozzlecontours.However,thetunnelwouldnotstartwiththe

/central-bodydiffusersforvaluesof A*’Al below-about0.68.The
explanationseemstobe thatthecentral-bodydiffuserssplittheflow
intotwochannelsandtheasymetricnatureofthestartingflowreduced
theeffectivenessoftheinteractionbetweenthehigh-energyandlow-
energyregionsofthejet. Thecentral-bodydiffusersweregenerally
not.soeffectiveinreducingtheoverallpressureratiorequiredfor
startingaswerethewedgeextensionsoft“henozzles.Onlyatthehigher
valuesof A*l/Alwerethecentral-bodydiffusersmoreeffectivethan
thewedges.

Figure
Machnuiber
diffusers.

7 showsthata minimumvalueof A*’/Alisobtainedat each
forwhichthetunnelcouldbe startedwithdifferentwedge
!l%isminimumvalueof A*’/Alisshownas a functionofMach

numberinfigure8. Theone-dimensio&ltheory(seefig.8) isbasedon
theassumptionsofnormal-shocklossesattheentranceofthediffuser
andsonicflowattheminimumdiffuserarea.Experimentalvaluesof

(A*’/A1)& lowerthantheorypredictsindicatethat,fromcontinuity

considerations,lossesupstreamofthediffuserminimum-areasectionare
muchlessthannormal-shocklossesandareprobablytakenthrougha
seriesofobliqueshocks.(Seefigs.10to 14-.) Thedataofreference5
whichareshowninfigure8 fortherangeM = 7.2to 9.6 area reason-
ableextrapolationofthedataobtainedinthisinvestigation.‘I’hedata
fromreference4,fortherangeM = 1.86to 4.92,showconsiderably

highervaluesof (A*lI%)* forstarting,andthedatafromrefer-

ence9 agreewellwitlitheresultsreportedhereinfor M = 3.0. The
testsreportedinreferences4 and9 weremadeintwo-dimensionaltunnels
usingatmosphericstagnationconditionsanda vacuumvessela t$e
exhaust.In reference9,thethroatlocationforvaluesof

(1)
A* A1*

------- ...—.. .— -.. . ...- ._ .._ ___ —. ——.. ———.- . . .-. — - . ——_ --- _.. — —— _--- —_.:
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forstartingwasdetermined
andthethroatlocationfor
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tobe Z/h= 2.16,thelowestvaluetested,
opt+mumpressurerecoverywas Z/h=4.83.

Inreference4,thevaluesof (A*’lAl)minforstartingweredetermined

withthethroatlocatedatthepositionforoptimumpressurerecovery,
which,for M= 2.83,was l/h=5.29. It isfeltthatbetteragreement
ofthedatainreference4 withtheresultsofboththepresentinvesti-
gationandreference9 wouldhaveoccurredhadvaluesof @%)min
forstartingbeendeterminedforvariousvaluesofthroatlocation.The
Reynoldsnumbersofthetestsofreferences4 and9 wereapproximately
thesame.Inreference4,theReynoldsnmibersbasedontest-section
heightrangedfrom2.5X 106at M =1.86 to 0.6x ld at M = 4.92.
Inthepresentinvestigation,theReynoldsnumbersbasedontest-section
heightrangedfrom7.8X106 at M = 2.7 to 18.5x 106at M = 4.5.

Theminimumvaluesof pofia requiredforstartingvariousMach
numbernozzlesareshowninfigure9. Thevaluesof po/pa obtained
withshortwedgediffusersareapproximatelytwicethevaluespredicted
by one-dtiensionaltheory.Mostofthelossesoccurdownstreamofthe
minimumdiffuserareasincethevelocityenergyofthestreamisnot
efficientlyrecovered.Thisisverifiedalsobythedatainfigure8
sincelow valuesof A*’/Alcanbe obtainedotiywithlow10SSinenergy
upstresmofthediffuserminimumarea. Sometestsmadeat M = 4.0 with
an m/h= 10 subsonicdfffuserdownstreamoftheshortconvergentwedges
gavevaluesof Po/Pa forstartingnearthosefornormal-shockrecovery.

A cmparisonofthedatainfigure9 forthenozzlewithouta diffuser
andforthenozzleswithshortwedgesshowsthattheadditionofshort
wedgesreducesthevalueof po/pa requiredforstartingto lessthan

one-halfthatfornozzleswithoutdiffusers.

AnalysisofFlowDuringStartingProcess

Figures10to 14 showtheflowthroughthediffusersofvarious
Machnmbertunnelsduringstarting,andfi~e 15 showstheflowthrough
thenozzleofan M = 4.0 tunnelduringstarting.A studyofthesefig-

/uresindicatesa possiblee@anstionforthelowvaluesof Ax Al and

thehighvaluesof po~a obtainedinthisinvestigation.At lowvalues
of stagnationpressure,’thepressurerisenecessaryto satisfythecondi-
tionofhighpressureatthetunnelexitcausestheboundarylayerto
separatefarupstreamalongthenozzlecontours.Theseparationtakes .
placefartherupstreamononecontourthanontheother.As thestagnation
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pressureisincreased,theseparationmovesdownstream;whenitreaches
thevicinityofthediffuser,theflowsuddenlychangesto a symmetrical
separation,whichoccursonbothnozzlecontoursatthesameaxialposi-
tion. (Seefigs.6 and15.) Theseparation,withtheresultantstrong
obliqueshocks,movestotheentranceofthediffuser(seefigs.10
to 14)asthestagnationpressureisincreasedfurther.

Theconditionsoftheflowatthediffuserminimumareacanbe
studiedwith
tionforthe

Substituting

and

fctrU and

theaidofthecontinuityequation.
nozzleminimumareaandthedtifuser

t *I
P*u*A*= P*’u*A

u = M@

p ineqpation(3)gives

rP* T *’
_QM*A*- 1?

r
+ M*’A*’

% T* po T*

Thecontinuityeqya-
minimumareais

(3)

Ifsonicflow”isassumedatthenozzleminimumarea (M*= 1).then
equation(4)becomes

..

(4)

(5)

t

Thevariationof ~
r
+M*’ ~th # isgiveninfigure16. The

po T*
mass-flowpar~ter reachesa maximumat M*’= 1.0 andfallsoff
rapidlyas @ increasesordecreases.Whenequation(~)is used in

thepresentanalysis,thevaluesoftheparametersinvolvedinequa-
tion(5)mustbe consideredaveragevaluesatthecrosssectioninvolved.

A studyoftheschlierenphotographsoftheflowthroughthedif-
fuserattheconditionjustbeforethetunnelstsrtsshowsstrongoblique

.. . .. . ......— — —.. — ..—. —-
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shocksattheentranceofthediffuser.TheLxrgedeflectionsassociated
withthestrongobliqueshocksandtheseps.r~tedregionsattheentrance

IofthediffusergivevaluesofekfectiveA* Al thataremuchlowerthan.s
thegeometricA*’/A~.Thetotal-pressurerecoverymustbe highto satisfy
equation(~). As thestagnationpressureisincreased,butbeforethetun-
nelstarts,thepressureriseacrosstheshocksbecomesless,theshocks
becomeweQker(seeschlierenphotographsinfigs.n(a) andlk(b)),snd
a largereffectiveA*’IAlresults.Whenthestagnationpressureis
increasedto a highen&ghvalue,thepressureriseacrosstheshock
becomeslowenoughthattheboundsrylayerwilJ-notseparateandtheflow
becomesattachedtothediffusersurface.

Fora givenstagnationpressurebeforethetunnelstarts,a decrease

ofthegeometricA*’IAlreducestheareaoftheseparatedorlow-energy
regionnearthesurfaceatthediffuserminimumarea.Thisreductionof “
thelow-energyregionlowersthepressuregradientalongthediffuser-
entrancewedgeandtheflowwilJ-attachata lowervalueof stagnation
pressure.As thevalueofthegeometric

.
A*’/Alisdecreasedfurther,

a pointwillbe reachedwherethelow-energyregionisnegligibleand

theeffectiveA*’/~ approachesthegeometricA*’/Al.In orderfor

equation(5)tobe satisfied,theaverageMachnumberattheminimum
diffuserareamustbe decreased,withstrongerobliqueshocksatthe
diffuserentrance.An increaseinthestagnationpressureisthenneces-
saryto reducethepressureriseacrosstheshockto a valuebelowthat
whichwillseparatetheboundarylayerbeforethetunnelwillstart.
Thiswouldexplaintheportionsofthecurvesinfigure7 inwhichthe
pressureratiopolpa Iincreaseswhen A*’Al isdecreasedbelowa cer-

tainvalue,as isalsoevidencedby theschlierenphotographsinfig-
uresn(a) to lJ(c).

Thelowerlossesassociatedwithobliqueshockspermitvaluesof
I

A*/Al tobe obtainedthatareconsiderablylowerthanone-dimensional
theorypredicts.Withsuchlowlossesupstreamoftheminimumdiffuser
area,lowvaluesofoverallpressureratioshouldresult.However,the
determiningfactoristhepressurerationecessaryto overcomethe
adversepressuregradientthatcausesseparationoftheboundarylayer.
Ifsomemeanssuchasboundary-layersuctionwereusedto reducethis
adversepressuregradient,it isprobablethatvaluesofoverallpres-
sureratioslowerthantheoreticalvaluescouldbe obtained.
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CONCLUSIONS .-

.

..

An investigationmadeatlkchrnmibersof2.7,3.0,3.5,4.0,and4.5
to determinetheeffectsof shortfixedconvergent-divergentwedgedif-
fusersonthestartingcharacteristicsofblowdownjetsexhaustingto
theatmosphereindicatedthefollowingconclusions:

1.Theadditionofshortwedgesasextensionsofnozzlecontours
to actas supersonicdiffusersreducedtheoverallpressureratiosneces-
saryto developsupersonicflowinjetsfromapproximatelyfiveto a
mi&numofabo~tt~otimesthevaluespredicte~-by
overtherangeofMachnumberstested.

-2.At a Machnumberof4.0,theadditionofa
sonicdiffusertotheshortwedgediffuserreduced
ratioforstartingto a valueslightlyhigherthan
dimensionaltheory.

3.Wedgesusedas central-bodydiffusersata

one-di&nsionaltheory

relativelylongsub-
theoverallpressure
thatgivenby one-

Machnumberof4.0
weregenera~ynotsoeffectiveh-reducingtheoveraXlpressureratio
requiredforstartingaswerethewedgeextensionsofthenozzles.Only
atthehighervaluesofdiffuserminimumareawerethecentral-bodydif-
fusersmoreeffective.

4.Wedgediffusersusedasextensionsofthenozzlecontoursper-
mittedvaluesofdiffuserminimumareathatwereconsiderablybelow
thosepredictedby one-dimensionaltheory.Central-bodydiffusersdid
not.

.
5.Wedgesthatwereextensionsofthenozzlecontourswereeffective

inreducingtheextentoftheseparationoftheturbulentboundarylayer
alongthenozzlecontours.

LangleyAeronuaticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Va.,Septeniber20,1955.

.
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(a)Stieren windows
L-89323

oppositediffuser.

(b)Schlierenwindowsoppositenozzle.

Figurel.-Blowdownjetusedintests.
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Settling Test Diffuser
chamber
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I

(a)Configurationwithwedgediffusersasextensionsofnozzlecontours.
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I
(b)Configurationwithcentrsl-bod.y
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I Pa

(c)Configurationwithoutdiffusers.

Figure2.-Schematicdiegramsoftestsetups.
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I (C) pO/pa=6.4T.
L-89325.1

(a) PO/Pa=7.B3.

Figure4.- Startlngflow in M = 3.0 nozzlewithoutdiffuser.
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(a) Po/Pa= 2.38.

(c)P~/Pa= 4*77*

Figure6.-StEbrtlngfloWin M = 3.0 nozzle

I-J
w

.

‘...
—/

I.

(b)Po/P~=4.43.

_\.
/

(d)PO/Pa=6.4i’.
L-89326.1

with wedgedlfl%ser. Z/h= /2; A*’Al = 0.652.
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(b) A*’/Al= 0.719.
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(C) A+’/Al= 0.688. Q

%
Figure10.- Flow throughwedgediffuserof M = 2.7 tuunelwhilestarting. Z/h = 1; m/h = 2. s
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P@a =4.43 l?o~a= 3.06

POD*= 5.78 Popa = 4.43

‘olpa = 6947 ‘o~a =6.47

Po/Pa= 7.84

(a) A*’/A~= 0.813.

PO/Pa= 7.84

L-89328.1(b)A*’/Al= 0.719.

Figure11.- Flowthroughwedg~diffuserof M = 3.0 tunnelwhilestarting.
1/h= 1;m/h= 2.
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P~/Pa= 4.77
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(C) A*’/Al= o.@5.

FigureI-1.-Concluded.
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...

poPa = 9.54 PO~a = 14.65

PO/Pa= 16.35

PO~a = 12.95 PO/Pa= 18.05

L-89330.1
Figure12.- Flowthroughstraightdiffuserof M = 3.5 tunnelwhile

starting.A*’/Al= 1.(X).
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. ----- . *

PJP~= 7.84 P@a = 6.13

.

.,

P@a = 9*54 P@a = 7.84

pop% = u. 25 Po/P~= 9=54 .

PJP~= 12.95

(a) A*’/Al= 0.813. (b)

Figure13.- Flowthroughwedgediffuserof M =
Z/h= 1;m/h= 2.

PJP& = u.25

I
L-89331.1-

A*’Al = 0.719.

3.5 tunnelwhilestarting.
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P(JP~= 6.13

PJP8 = 7.84

po~a = 6.13

Pofia= 7.84

PO/Pa= 9.54 PO~a = 9.54

PO/&= u.25

(d) A*’~l = 0.656.L-89332.1

- Figure13.- Concluded.

.— .— —.— .-— — .—



28 NACATN3545
.

-- -~
.-B

P@~ s 11.25
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PO/Pa= 14.65

PO/Pa= u.25

PO/Pa= 14.65

PO~a = 18.05 PJP~ = 18.05

‘oPa = 21.45

(a) Z/h= 1;m/h= 2.

PO/Pa= a.45

L-89333.Z
(b) Z/h= 2;m/h= 1.

.

Figure14.- Flowthroughwedgediffuserof M = 4.0 tu.unelwhilestarting.
A*’/Al= 0.656.
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PJPa = n.25

PO/Pa= 14.65 Polpa= 14.65

‘o~a = 18.05 PO/Pa= 18.05

PO/Pa= 21.45

(a) A*’/Al= 1.00..

Figure15.- Flowthroughnozzleof

po~a = a.45

L-89334.1
(b) A*’/Al= 0.719;Z/h= 2;m/h=1.

M = 4.0 tunnelwithwedgediffusers—
as etiensionsofnozzlecontours. .
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c

PcJP~= a.45

(c) A*’/Al= 0.688;Z/h= 2;
m/h= 1.

PJP& = 14.65

---
.— -

P@~ = 18.05

. .- --. ----.

P@~ = 21.45

L-89335●
(d) A*’/!ll= 0.625;Z/h= 2;

m/h= 1. .

Figure15.-Conti~ed.
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Pops = u.25

~o~a = 14.65

..

POI% = 18.05

..-

Pop~=21.45

(e) A*’/Al= 0.594;Z/h= 2;
m/h= 1.

‘oDa = IL.25

Po/lPa= 14.65

PO~a = 18.05

PO/Pa= a.45

L-89336.1
(f) A*’/Al= 0.579;Z/h= 2;

m/h= 1.

“Figure15.- Concluded.
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